We investigated the neural basis of so-called "object-based attention" by examining patient D.F., who has visual form agnosia caused by bilateral damage to the lateral occipital (LO) area of the ventral visual stream. We tested D.F.'s object-based attention in two ways. In the first experiment, we used a spatial cueing procedure to compare the costs associated with shifting attention within versus between two separate outline figures. D.F. did not show the normal advantage of within-object over between-object attention shifts. In the second experiment, we used a complementary paradigm in which two separate stimuli, presented either on the same or on different objects, have to be identified as the same or different, We found no evidence for the normal pattern of superior performance for within versus between figure comparisons. In a third experiment, we checked that D.F. showed normal shift costs for invalid as opposed to valid cueing in a standard Posner spatial attention task. In a final experiment, we compared horizontal versus vertical attention shifting in group of healthy controls without the presence of outline rectangles, and found that their pattern of shift costs was indistinguishable from that seen in D.F. when the rectangles were present (Experiment 1). We conclude that whilst D.F. has a normal spatial orienting system this is completely uninfluenced by object structure. We suggest that area LO may mediate form processing precisely at the stage where visual representations normally influence the spread of attention.
Introduction
Ungerleider and Mishkin (1982) first proposed that the cortical processing of visual information was divided into two functionally and anatomically distinct streams. Within their interpretive framework the extraction and representation of objects was viewed as the preserve of the ventral stream. It is now clear from both primate and human research, however, that shape selectivity is a feature of both the dorsal and ventral streams (Milner & Goodale, 1995 , 2006 . These two forms of shape encoding are not mere replicas of each other but show distinct patterns of selectivity and generalization (James, Humphrey, Gati, Menon, & Goodale, 2002; Lehky & Sereno, 2007) . Furthermore Milner and Goodale (1995) have argued that the shape representations in each stream differ not only in their nature, but more importantly in their function. Shape representations in the ventral stream are used to inform perception, while shape representations in the dorsal stream are used to guide actions.
Visual form, however, not only drives recognition and action but also influences the allocation of attention: it is easier to shift attention within a single object form than between two separate * Corresponding author at: Department of Psychology, Science Site, South Road, forms (Duncan, 1984; Egly, Driver, & Rafal, 1994) . This influence is thought to play a role in fine tuning the construction of perceptual representations, by focusing visual processing on those elements of a scene that group together (Driver, Davis, Russell, Turatto, & Freeman, 2001) . It is unclear whether the same or similar influences of visual structure might also operate on attentional selection within the shape representations that guide manual actions to those objects. In terms of Milner and Goodale's (1995, 2008) two visual-systems framework, we would predict that the classical perceptual "object-based" attention effects would be mediated within the ventral stream, and therefore not play a direct role in guiding manual actions. The well studied patient D.F. has a bilateral brain lesion that is centred on ventral-stream area LO, which is known through neuroimaging research to play a crucial role in shape perception (James, Culham, Humphrey, Milner, & Goodale, 2003; Kourtzi & Kanwisher, 2001 ). D.F. therefore provides a strong test of the potential role of area LO not just in perception, but also in object-based attention. D.F. is, however, clearly able to segregate candidate objects for manual action, and to use that visual information to calibrate her movements towards such objects. Thus if object-based attention operates not only within the perceptual domain, but also during the processing of candidate objects for action, it should be intact in D.F., at least within the dorsal stream. An absence of classical perceptual object-based attention effects in D.F. would suggest that this influence of visual structure upon attention is either not important for guiding manual actions towards 
